Introduction
Many research papers being produced today utilize p-values and hypothesis testing (John Ioannidis 2019). Null hypothesis statistical testing (NHST) is very useful for its seemingly easy to interpret results, however, with the increase in the use of NHST and the explicit inclusion of p-values in research papers, there have been a number of articles, blogs, and other written works critiquing the use and validity of these test results including works by Ioannidis (2019) , Nahm (2017) , Glantz (1980) , Engman (2011) , Dar et al (1994) , McLean & Ernest (1998) , and Nickerson (2000) . These works, and many others specifically speak on the inclusion and mishandling of p-values in research.
Statistical testing requires certain assumptions to ensure the most accurate results.
For the Analysis of Variance (ANOVA) test, a type of Null Hypothesis test, the assumptions are that the provided data are normally distributed, randomly selected, independent, and different groups have the same variance. ANOVA is robust to normality, meaning that it can still produce accurate results despite violating the assumption of normality (Laerd Statistics Accessed 2019). Violating this assumption can also have minimal effect on the Type I error rate (Laerd Statistics Accessed 2019).
"Statistically significant" is a phrase used by researchers to determine the status of their hypothesis. A p-value that is smaller than the significance level (often 0.05) is considered statistically significant. Some researchers may report this "significance" with no basis on what that could mean in relation to their question and/or research (Engman 2011 ). This may be related to the nature of journal publication requirements in which statistically significant results need to be reported (Reinhart 2015; Nickerson 2011) .
The research around the use of NHST in research papers is dominated by statisticians and biomedical researchers (Yoccoz 1991) , however, it is acknowledged that the use of NHST in research is increasing over time in the social sciences (Engman 2011 ). This paper aims to understand the misuse of ANOVA testing in the social sciences, specifically the area of sociology and related disciplines. To reach this understanding, this paper will provide the guidelines and methods of our research, initial findings, discussion of incorrect interpretations, and finally, potential solutions to rectify these implications.
Methodology
This research will focus on the misuse of one-way ANOVA in sociology research papers. Other forms of ANOVA are more complex with varying degrees of complexity. Oneway ANOVA is among the simpler forms which can act as a baseline for future research in other forms of ANOVA. This study considers whether the papers mentioned and/or checked the validity of one-way ANOVA assumptions, however, the main focus of evaluation is if and how the results and p-values are interpreted in relation to their initial questions and/or hypotheses.
Research articles are gathered using the SocINDEX database for peer reviewed articles and using keywords "one-way ANOVA". The scope of this study is within the years 2014-2019. Searches were conducted for each year and were compiled based on availability and their misinterpretation or omission of interpretation of ANOVA and its results (see Bibliography).
For the ANOVA test, the null hypothesis is that the means of the groups being studied are the same. Alternatively, the alternative hypothesis for ANOVA is that at least one of the group means being studied is different. For the NHST, the correct decision rule based on the p-values is as follows. When the p-value is larger than the significance level, we fail to reject the null hypothesis and cannot conclude that the data supports the alternative hypothesis. Likewise, if the p-value is smaller than or equal to the significance level, we reject the null hypothesis and conclude that the data supports the alternative. As a result, misinterpretations of results can come in similar forms of the following: the null is supported by the data or the null is true when the p-value is higher than the significance level.
Initial Findings
Overall, there is a general increase of search results produced from each year, This procedure was consistent among other papers noting the assumptions of one-way ANOVA. These papers contained no misinterpretations or errors, and thus were not collected.
Findings with no statistical differences proved to be a difficult point of interpretation in the observed articles. The most common misinterpretation found was a statement regarding a lack of significant differences being found. One interpretation was Similar to proving the null hypothesis, papers contained statements of "no differences found" and "groups were similar/agreed" in relation to finding no statistically significant differences. These papers found their data to be not statistically significant in the results section and later referred to these findings as groups not differing from one One article confirmed their null hypothesis and cited similar results to the study it was largely based on (Hreish et al 2017) . Upon analysis, it was found that this interpretation was not a result of interpretations in the cited source.
There was an attempt to gather articles solely with misinterpreted results, however it became evident that in-depth interpretations were omitted or simply forgotten. 
Discussion
Since assumptions were generally not mentioned, it is difficult to glean any further understanding about the procedural misuse of one-way ANOVA testing in sociology research papers.
When finding no significant differences in ANOVA testing, the resulting decision rule is a failure to reject the null hypothesis. This indicates that there is not enough evidence to support the alternative hypothesis, or that there is no evidence that the group means are different. This does not prove that group means are the same. Therefore, the claims of proved or confirmed null hypotheses are not true. Although the data produce statistically significant results, we cannot claim that hypothesis is confirmed because it simply tells us if our data support the alternative claim (Nahm 2017). Additionally, when conducting a NHST, it is assumed that the null hypothesis is true. The purpose of conducting an ANOVA is to determine whether the data show evidence opposed to this assumption about the null hypothesis. Therefore, claims of a true null hypothesis or claims of no differences among groups are incorrect.
Statistical testing can be useful in helping us understand our data, but this does not work when they stand alone. These numbers and results need interpretation so the reader can better understand the purpose of these tests in relation to their findings. More explicit interpretations may also contribute to further study. An attempt was made to analyze how incorrect interpretations could lead to complications in future research. The main focus for this was to determine proceeding articles citing results (or similar results) from papers with misinterpreted p-values. There was not sufficient evidence to move forward with this analysis. A possible explanation for this is the incorrect interpretation following no significant differences in research papers. When claiming that there were no differences, it can suggest that no further interesting data can be found. On the contrary, it should suggest that there is not enough information yet or methods of the given research can be improved.
As a result, these results should lead to more analyses from different perspectives.
In articles that do not address statistically significant results further than their significance, it is difficult to understand the author's stance on their findings. Although the decision rule is met, the interpretations are lacking and thus does not add to the overall argument for each paper. This causes researchers to use statistical testing to no benefit. This omission of interpretation can potentially be the result of mathematical anxiety noted in Deckard's paper on the statistical education of sociology majors (2017). Deckard notes that the reasoning for some students in choosing social scientific fields is due to mathematical anxiety. It is possible that this mathematical anxiety negatively affects a researcher or student's ability to completely evaluate statistical results, however further study needs to be done to support this claim.
Potential Solutions
The common interpretation of "no statistical differences" in the one-way ANOVA is easily amended by concluding that there is no sufficient evidence to support claims against the null hypothesis, or there is no sufficient evidence to show differences among group means. This statement can be further improved by suggesting different ways of looking at the initial question at hand to spark interest in future research.
In cases where statistical significance is mentioned, but not evaluated, it may be important to understand the reasoning behind the omission. If a researcher finds that the findings are not beneficial to their study, it may be best to leave this information out or add commentary about the lack of benefit that the findings add to the resulting paper.
Lastly, it is important to incorporate statistical assessment by a qualified statistician in the review process for each journal accepting research containing statistical data. A lack in knowledge about the importance and effect of statistical data in the review process may lead to further misinterpretations in the future. For example, requiring researchers to include statistically significant results might not add as much substance as is imagined (Reinhart 2015 ).
Limitations
Our results are heavily based on limitations. In addition to a lack in time and resources, our search results were limited by articles produced from a single database, and reviewed articles were limited by availability through Portland State University credentials. It is acknowledged that, as a result of these limitations, claims from this research may be skewed or biased. There were only a small number of articles that were able to be gathered. Thus, the articles that were gathered for the purpose of evaluation in this study may not properly represent all sociology related articles using one-way ANOVA.
Further study with different databases, specific journals, etc. are encouraged. Furthermore, a more in-depth analysis about the use and effects of unchecked or violated assumptions of one-way ANOVA in research should be considered.
Conclusion
Although this study did not yield expected results, it provides evidence that more research and evaluation of current approaches to statistical testing need to be made. Deckard (2017) noted that mathematical anxiety is an issue that some social scientists may face that lead them to the social sciences. This mathematical anxiety could be a reason for the omission of interpreted results of the ANOVA, however, further research needs to be done. Journal guidelines also pose a question for how valid results are in published articles; do these statements of statistical significance really add value to their study? (Reinhart 2015; McLean & Ernest 1998) . Further research should be done focusing on specific journals.
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